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The Rutherford Appleton Laboratory



RAF Harwell – Est. 1935 
Defending Britain during the battle of London

D-day 6 June 1944 – Troops of British 6th Airborne Division



UKAEA 
est.1946

• Main research 
establishment of the 
United Kingdom Atomic 
Energy Authority

• 1947: GLEEP test 
reactor generates 
nuclear energy for the 
first time in western 
Europe

• You can still see the 
decommissioned DIDO 
and PLUTO reactors



Rutherford Appleton Laboratory

• One of the national scientific research laboratories in 
the UK operated by the Science and Technology 
Facilities Council (STFC)

• The site hosts some of the UK's major scientific 
facilities

https://en.wikipedia.org/wiki/Science_and_Technology_Facilities_Council
https://en.wikipedia.org/wiki/Science_and_Technology_Facilities_Council
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The ISIS neutron source

• 70 MeV Linac

• 800 MeV proton syncrotorn

• Two extraction lines

• Protons on tungsten targets

• Two target stations with moderators

• 30 neutron beamlines, 8 muon beamlines





Spallation neutron production

Target materials

Tungsten
ISIS (UK), LANSCE (USA), CSNS 
(China), ESS (Sweden)

Liquid Mercury
SNS (USA), J-PARC (Japan)

Lead
PSI (CH), nToF (CERN)

ISIS 
TS2

ESS



Pulsed neutron production
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Neutron moderation



Water 300 K

Liquid 
Methane 100 K

Neutron moderation



Neutron diffractions: basic ideas

Neutron 
beam

sample

Neutron 
detector

X-ray diffraction

λ ≈ 1.5 Å   → E= hν = 8.2 keV

Neutron diffraction

λ= h/mv ≈ 1 Å   → E = 25 meV

Important points:

- Neutron energies are small -> thermal neutrons
- Neutron are very penetrating -> bulk materials
- Neutron energies are comparable to energies of 

vibrations in solids and liquids. -> dynamics.
- Neutron cross sections are sensitive to light 

elements, like hydrogen, where x-rays ar not 
sensitive

What can be measured

• Scattering angle
• Exchanged energy
• Change in magnetic momentum



Thermal neutron detection

Cross sections for 
thermal neutrons

• 3He  → 5330 b

• 10B   → 3848 b

• 6Li   →  940 b



3He tubes

• Very high efficiency > 50%
• Position sensitive
• Very established technique
• Shortage of 3He 
• High price
• Limited count rate

3He data

Virtually all helium-3 used in industry today is produced 
from the radioactive decay of tritium, given its very low 
natural abundance and its very high cost. 

https://en.wikipedia.org/wiki/Tritium


Use example: WISH

WISH is a long-wavelength 
diffractometer primarily designed 
for powder diffraction at long d-
spacing in magnetic and large 
unit-cell systems. The instrument 
is also suitable for 
measuring single-crystals.

3He tubes



How does data look like?



Scintillation detectors based on ZnS/6LiF

Compared to 3He

Pro:
1. Availability
2. Scalability: larger sizes.
3.Versatility in Design.
4.Better spatial resolution

Con:
1. Lower efficiency than 3He
2. Higher gamma 

background



Use example: GEM

the GEM scintillator detector system contains 660,000 
individual optic fibres, whose total length will be about 350 
kilometres.

General Materials Diffractometer 



Neutron imaging detectors

Screen ZnS/6LiF

Screen + CCD B doped microchannel plates



Neutron imaging 

Important points

• Contrast of low Z materials

• At spallation sources can be 
combined with diffraction



Example: IMAT



“Zombie Lizards”



Other Boron-based neutron detectors: GEM detectors

Pro:
• Very high counting rate capabilities
• Low sensitivity to gamma
• Large areas are possible

Con:
• Low efficiency for a single layer, need a 

more complex multi-layer approach

High fluxes: Very good for 
in-beam measurements or 
Small Angle instruments



VESUVIO
Epithermal neutrons: eV to keV

DINS = Deep Inelastic Neutron Scattering Neutron 
beam

YAP 
scintillators

sample

n
γ

Resonances of  
a gold foil

The main goal of experiments on VESUVIO is the measurement of atomic momentum 
distributions and nuclear quantum effects in condensed matter systems.

Foils
197Au (n,γ) 198Au

Incoming 
energy known 
with ToF



ChipIR: fast neutrons E >10 MeV

ChipIr Flux (>10 MeV) = 5.8 x 106 n cm-2s-1



Reproduced from  J.F.Ziegler et al IBM. J. Res. Develop. 40, 1996, p3

Source: National Elevation 
Dataset: USGS



7th October 2008  at 04:40:26 
Flight  Qantus  QF72 
Singapore to Perth

‘Real-world Incident’



Equivalent of 3 Blackpool Rollercoasters



 ATSB TRANSPORT SAFETY REPORT Aviation Occurrence Investigation 
AO-2008-070 
Final 



 ATSB TRANSPORT SAFETY REPORT Aviation Occurrence Investigation 
AO-2008-070 
Final 



 ATSB TRANSPORT SAFETY REPORT Aviation Occurrence Investigation 
AO-2008-070 
Final 



Rutherford Appleton 
Laboratory - ChipIr

Los Alamos – 
ICE House 

I&II

TRIUMF - 
NIF

CERN – CHARM
(Mixed Field)

China SNS

Osaka 
University RCNP 

Neutron Facilities: High Energy (>400MeV) & High Flux

SEE Testing Facilities – Across the World



Major areas of current commercial research

1. Driverless cars Autonomous systems 
2. Internet: Device and system level for communication 

infrastructures
3. High power devices for renewable energy applications and 

automotive
4. Aerospace applications

Image Source: Cobham

Image Source: NVIDIA

Image Source: Infineon



Paolo Rech from UFRGS University, Brazil

Automotive



Paolo Rech from UFRGS University, Brazil

Automotive



System Level

Algorithm Level

Architecture Level

Circuit Level

Component level

Technology level

1. Understand ”critical” errors 
2. Identify ”critical” errors causes
3. Design efficient hardening solutions

Error criticality across the stack
Goal: quantify and qualify 

Automotive



Characterization with activation foils

Targets measured on a Germanium 
detector

Reaction to cover the full energy range



Unfolding with statistical approach

N = number of precursor isotopes
 σ(E) = activation cross section
φ(E) = neutron flux

¢ Experimental 
measurement of the 
Activation Rate (R).

Neutron Flux
cross sectionsActivation Rates

¢ Samples containing known amount of elements are irradiated and radioactive 
isotopes are produced by neutron activation reactions.



Single crystal Diamond Detectors

Diamond
Contact

Contact

α
Be

12C

n n

n’

Carbon Cross Sections
• Radiation hardness.
• High mobility of free charges (àfast response, comparable to 
Si, Ge).
• Good energy resolution on deposited energy 
• Room temperature operation (Eg=5.5 eV)à No Cooling.
• Compact volume solid state detector.

1cm



Beam profiles

Detector

Preamp

Digitizer

HV

Blockhouse

Counting RoomT0 signal

Map is measured with a diamond 
detector with 2 mm accuracy



Study of deposited energy

Data measured at nToF at 
CERN



Other fast neutron detectors
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Fission Chambers with 238U
SRAM based detectors: bit flips



How to select the right neutron detector?
Many things to consider and find the optimal…

• Energy range

• Efficiency

• Energy resolution / spectroscopy capabilities

• Gamma discrimination

• Time resolution

• Count rate capability

• Area / cost



Conclusions



Thanks!




